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Abstract— The network reconﬁguration can aid in loss reduction in
distribution systems. A neoteric optimization method, Sunflower Optimizer
(SFO), is suggested for addressing the reconﬁguration of power distribution
networks case. The main problem is to determine the network's optimal
topology, which satisfies the objective function by considering the problem
constraints. The fitness function is formulated to achieve the maximum
percentage of active power loss decrease. To obtain the load flow solution, an
efficient approach is applied called Backward/forward sweep. Besides, an
improved graph theory is developed to address the configuration variations
problem. The suggested optimization approach is executed on three power
distribution networks: IEEE 33, 69, and 119 bus networks. The efﬁciency of the
suggested SFO is veriﬁed by evaluating its operational characteristics. The
obtained test results show that the percentage of active power loss reduction is
maximized to 31%, 56%, and 33% for the IEEE 33, 69, and 119 bus networks,
respectively. Finally, the introduced SFO approach's superiority is also
confirmed by measuring its outcomes with other approaches..



I. INTRODUCTION

A

S of late, the demand for electric energy for
industries
and
households
has
grown
substantially. This growth leads to environmental
and economic problems. Also, nearly 70 percent of the overall
loss is wasted in power distribution networks [1]. This power
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appears in the form of dissipated heat energy that increases the
associated network elements’ temperature and can lead to
insulation failure. Besides, failure statistics revealed that
distribution networks have a significant portion of the
interruption of supply to the users (90%) [2]. Therefore,
minimizing real power loss in power distribution networks is a
vital topic in power network research. So, many ways are
suggested to obtain minimal power loss such as network
reconfiguration, capacitor banks placement [3], [4], distributed
generators integration [5], and load balancing. The present
research deals with the network reconﬁguration technique.
Reconfiguration of power distribution networks means
changing the topology of the network by modulation the status
of tie and sectionalizing switches with maintaining the
network radiality.
Different approaches have been submitted to address the
issue of distribution network reconfiguration in literature. A
literature review study documenting the different optimization
techniques for network reconfiguration can be found in Ref.
[6]. Artificial intelligence and heuristic optimization
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approaches have been implemented by various researchers to
address the reconﬁguration of the power distribution networks
problem. In [7], the authors have discussed the issue of
network reconﬁguration, considering the power loss
minimization. Besides, Baran and Wu have completed the
work of [7] and presented a load balancing indicator as well
losses decrease [8]. In [9], the switch exchange technique has
been proposed to reconﬁgure the system topology. It looks for
adequate solutions to minimize losses by using minimal treesearch. The results revealed that the implemented algorithm
accomplished the optimum or near-optimal reconfiguration of
the network.
A heuristic approach also has been introduced to achieve
minimal distribution network losses [10]. At first, the radial
configuration has been converted to mesh. Then, an optimal
pattern of load ﬂow has been developed. Finally, the branch
that carried the minimum current has been removed. This
approach is a greedy technique that cannot certainly warranty
the viability of the obtained solution. Gomes et al. [11] have
also suggested the heuristic approach, which initiates with a
meshed network got by closing all tie switches. Thereafter, to
remove these loops, the switches are unlocked sequentially.
The opening state depends on the computation, using a power
ﬂow program, of the lower total network losses.
Besides, Das has formulated a heuristic approach for
distribution network reconfiguration in view of multiobjectives in a fuzzy frame. The problem's aims have
comprised the total real power loss minimization, load
balancing, current limit infraction, and voltage deviation
reduction [12]. Further, Zhu has suggested the reﬁned genetic
algorithm to address the topology reconfiguration problem.
The principal objective has been presented to decrease the
active power loss in distribution networks. The presented
approach has applied a contest technique to improve the
traditional crossover and mutation pattern, to avoid the early
convergence [13].
Nara et al. [11] have presented the genetic algorithm to
resolve the topology reconfiguration problem for the first time.
The objective function has been designed to achieve minimum
power loss. The genetic algorithm has also been applied to
address the topology reconfiguration issue in [14–16].
Besides, there have been significant articles that solved the
distribution network reconfiguration dilemma by applying
other meta-heuristics methods such as plant growth [17],
particle swarm technique [18], equilibrium optimization
algorithm [19], firefly algorithm [20], sine cosine algorithm
[21], tabu search algorithm [22], and ant-colony search [23].
Sunflower Optimizer (SFO) is a novel technique that is
introduced by G. F. Gomes, et al. in 2019 in their work about
identiﬁcation of damage on laminated composite plates [24].
Other applications of SFO for parameter identiﬁcation and
state-of-charge estimation for lithium-polymer battery cells in
Ref. [25], parameter estimation of three diode models of solar
cell in Ref. [26], investigating the uncertainties due to the
presence of distributed generation of wind power in Ref. [27].
SFO stimulated by the sunﬂowers movement towards the
sunlight. The SFO is stimulated by the inverse-square law of

radiation intensity, where the amount of heat is proportional to
the squared distance between sunﬂowers and the sun.
Since, the present trend is towards fast meta-heuristic
optimization algorithms for complex optimization problems.
Network reconfiguration problem is still active and continues
with the employment of these techniques. The recent SFO
algorithm has been proposed to address the network
reconfiguration problem. Besides, very few studies in the
literature have been illustrated how to address the problem of
topology variations with different solutions. An attempt has
been made in this paper to tackle this issue through an
improved graph theory-based radial power flow analysis.
The major contributions of the suggested work are outlined
as follows:
 A recent SFO algorithm is applied to address the issue of
distribution networks reconfiguration.
 An improved graph theory-based radial power flow
analysis is proposed to deal with topology variations
problem.
 The Backward/forward sweep (BFS) technique is used to
find the load flow analysis.
 The SFO technique is proposed to handle the problem
with the objective of maximizing the percentage of active
power loss reduction.
 The suggested SFO is validated on the standard 33, 69bus and large scale 119-bus test systems.
 A comparison study is employed to show the capability of
the proposed SFO. The findings show the effectiveness of
the proposed approach to solve the complicated problem
of distribution networks reconfiguration.
The remaining portion of this paper is organized as follows:
The below section describes the problem formulation of
distribution networks reconfiguration. It includes the power
flow analysis, the objective function, and its constraints. The
overview of SFO and its implementation for the predeﬁned
problem is presented in Section III. The numerical results are
shown in Section IV. Finally, the conclusions’ part is given in
Section V.
II. PROBLEM FORMULATION
A. Load Flow Analysis
In power distribution systems, load flow analysis can be
regarded as the most effective tool. Addressing the problem of
optimal topology reconfiguration begins with determining the
load flow solution of the network. One of the most suitable
and efficient methods suggested to address radial distribution
systems' load flow problem is the backward/forward sweep
method. There are two significant modes: first, in the
backward sweep mode, determining currents at all nodes from
the terminal ends towards the main bus. While in the second
mode (forward sweep), the corresponding node voltages are
calculated from the main bus towards the terminal nodes [28].
The power flow technique should be capable to efficiently
reflect the topology changes imposed by network
reconfiguration. Hence, an improved graph theory is proposed
to address the configuration variations problem. The
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computation procedures evolved in the algorithm are as
follows:
(2)

Fig. 1. Typical radial distribution network.

Procedure #1: Enter the input data, including branch data
(resistance & reactance) between the buses, and load data
(active and reactive power at the load bus).
Procedure #2: Identify the open tie switches; to delete the
open lines from [Line Data].
Procedure #3: Plot an undirected graph that represents the
network’s new configuration.
Procedure #4: Find the end terminals in the network.
Procedure #5: Obtain the different paths to the end
terminals from the source (bus #1). Each end terminal has a
single path from the source.
Procedure #6: Determine the complete trace, [All_trace],
comprising all paths.
Procedure #7: Editing the [All_trace] to consist of two
columns. Each row represents a branch; the first column
specifies the beginning (From bus number) while the second
indicates the branch end (To bus number). Then delete all
rows that contain the source bus (bus #1) in the second
column.
Procedure #8: Transfer the line parameters of each line in
[Branch data], (R & X), to the opposite lines in [All_trace].
Procedure #9: Reorder the load buses, the second column
in [All_trace], in ascending order.
Procedure #10: Implement the BFS technique, as explained
below:
Assume a typical six nodes radial distribution network as
displayed in Fig. 1. The node voltages and branch currents are
evaluated employing the BFS approach. Equivalent current
injected at a bth node can be estimated as in (1),

][ ]
[
] [
This equation can be rewritten as follow,
[ ] [
][ ]
(3)
] denotes the relationship between the node
where, [
current injections and line currents.
 Formulization of LCBV Matrix
The node voltages can be estimated from the main node in
the direction of the terminal one posterior to compute the
current injection by all loads while the line currents are
calculated initiating from the final bus in the direction of the
main. The matrix that determines the correlation between the
line currents and node voltages can be defined as follow:
[LCBV] = [BILC]T [ZD]
(4)
where, ―T‖ refers to the transpose operator of the matrix, and
[ZD] is a diagonal matrix having the line impedances as seen
in (5).

(5)
[
]
where, Z1, …, Z5 are the corresponding line impedances.
Finally, [LCBV] matrix can be defined as follow:

(6)
[

]

After that, the node voltages can be found by employing
the [LCBV] and [LC] matrices.

(7)
[ ]

[ ]

[

][

(1)
where, b = 2, 3, …, n;
is the conjugate of the apparent
power of bth bus,
is the conjugate of ith bus voltage, and ―n‖
reflects the overall number of the network buses.
 Formalization of BILC matrix
The line currents matrix [LC] can be estimated as,
LC5= I6
LC4= I5
LC3= I4+I5
LC2= I6+I5+I4+I3
LC1= I6+ I5+I4+I3+I2
where, I2, I3, …, I6 are the equivalent current injection of
corresponding nodes.

Fig. 2. Flow chart for power flow analysis.

]
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[ ] [ ] [
][
]
This can be presented as follow:
[ ] [
][ ]
(8)
where, [LCBV] denotes the relationship between the line
currents injections and nodes voltage.
[ ] [
][
][ ]
(9)
[ ] [
][ ]
( )
] indicates the relation between the node current
where, [
injections and the voltage reduction.
To obtain the load flow analysis, the next equations must
be solved iteratively.
(

)

(11)

[

] [
][ ]
(12)
[
] [ ] [
]
(13)
where, [ ] is the initial vector of the node voltages.
This approach is reiterated till the convergence is achieved.
The total active power loss can be determined as in (14).
[ ]
] [ ]|
|[
(14)
Fig. 2 shows a complete power flow analysis in the form of
a flow chart.
B. Objective Function
The principal objective in this study is formulated to find
the maximum percentage of real power loss reduction that
resulting from network reconfiguration.
(15)
where, PLR% is the percentage of real power loss (
decrease which may be computed by calculating the difference
between the active power loss before and after reconfiguration
divided by the initial value.
(

)

(16)
C. Constraints
The objective function must be achieved with the
following limitations:
1) Bus voltage limitation
The voltage value at each node should be within preset
margins (±10%).
|
| | |
|
|
(17)
2) Branch current limitation
The current in each line must be in its acceptable limit.
| |
|
|
(18)
3) Radial configuration
A feasible network topology must be radial, and it should
not include any islanded node. Network radiality can be
verified as follow:
 Obtain the incidence matrix.
 Each element (
) in this matrix, is found by (19).
{

(19)

 Eliminate the column of the reference bus (the 1st), and
the consequent square matrix is described by A.
 Compute the determinant of matrix A. The network has
a radial topology in case of the determinant equals 1 or
-1. While, if the determinant is zero, this ensures that
the network configuration is mesh, or some loads are
not energized (isolated).
III. SUNFLOWER APPROACH
A. Sunflower optimizer
Sunflower Optimizer is a novel technique that is
introduced by G. F. Gomes, et al. in 2019 [24]. It imitates the
orientations of sunflower plants toward the sun. Through the
motion, flowering can occur between the nearest adjacent
sunflowers. The total received radiation (radiation intensity)
depends upon its position from the sun for each sunflower.
Besides, increasing the spacing between the sun and the plants
will lower the received radiation from the sun based on the
inverse square low radiation, as seen in (20).
(20)
where,
is the amount of radiation received by each plant, G
is the sun’s radiation intensity, and is the separation between
each plant and the sun.
All plants regulate their orientation to the sun, according to
(21).
⃗⃗⃗
(21)
‖

‖

where, , , and
refer to the optimum, present value of
the solution, and the solutions number (number of plants),
respectively.
The step of sunflowers (individuals) towards the sun
measured by:
‖
‖
‖
‖
(22)
where, is the constant value referring to the plant’s ―inertial‖
‖
‖ is the probability of the
displacement and
fecundation that each plant (i) can inoculate the nearest
neighbor (i-1) to create a novel generation of plants in an
updated random position based on the distance between the
sunflowers.
Plant steps are constrained to avert surpass the following
value.
‖

‖

(23)

where,
and
are the higher and lower boundaries,
respectively.
To create a new generation of sunflowers, each plant (i)
updates its position based on (22) and (23).
(24)
where,
refers to the location of the newly plants.
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B. Implementation of SFO to distribution network
reconfiguration problem
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Procedure #6: Assess the fitness function (maximum the
real power loss decrease percentage) in (15) for each solution
and determine the optimum solution (The sun).
Procedure #7: If reached the maximum iteration number,
print the optimum solution. If not, go to the next procedure.
Procedure #8: Orient all sunflowers toward the sun using
(21).
Procedure #9: Evaluate the fitness function for each
solution then delete the worst m% individuals.
Procedure #10: Calculate the step for each sunflower using
(22).
Procedure #11: Check the maximum step of sunflowers
based on (23).
Procedure #12: Upgrade the solutions using (24).
Procedure #13: Add one to the iteration number.
Procedure #14: Go to procedure #3.
IV. NETWORKS DESCRIPTION AND RESULTS
Three test networks are presented to assess the suggested
SFO technique's efficacy: IEEE 33, 69 and 119-bus networks.
The presented approach has been applied with the help of
Matlab program.
A. Test Systems Description
1) Test Network I
The first applied network in this study is the IEEE 33-bus
system [8]. It is operating at a voltage level of 12.66 kV. Fig. 4
displays the single line diagram of the system. It consists of 37
branches: five of them are tie switches while the others are
sectionalizing switches. The total active and reactive power
demand are 3.715 MW and 2.3 MVAr, respectively.

Fig. 3. Flow chart of applying SFO algorithm.

Fig. 3. shows the application procedures of the SFO
approach to solving the issue of finding the optimal
configuration of the distribution system are described below:
Procedure #1: Input the problem data; the plants number
(population size), the iterations number, the loops that will be
created by locking the tie/open switches, network data.
Procedure #2: Initialize an arbitrary population. Each plant
(individual) denotes a feasible solution. Then set the iteration
number (t =1).
Procedure #3: Check the radiality constraint to ensure that
the proposed topology is radial and there is not any load point
energizes from two alternative paths. If the radiality constraint
is failed, set the fitness function at infinity.
Procedure #4: Run the load flow with the help of the
improved graph theory and BFS technique. Evaluate the
constraints for voltages and line flows.
Procedure #5: Check the voltages and current constraints.
Also, if any constraint is failed, set the fitness function at
infinity.

Fig. 4. IEEE 33-bus test network.

2) Test Network II
The second applied network is the IEEE 69-bus system
which running at a voltage of 12.66 kV [8]. It consists of 73
branches: five of them are tie switches while the others are
sectionalizing switches as shown in Fig. 5. The total active
and reactive power demand are 3.8014 MW and 2.6936
MVAr, respectively.

Fig. 5. IEEE 69-bus test network.
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3) Test Network III
To ensure the reliability of the proposed methodology, large
power system of 119-bus system is analyzed [29]. It is running
at a voltage of 11 kV. It contains 118 sectionalizing switches
and 15 tie switches as displayed in Fig. 6. The total active and
reactive power demand are 22.7097 MW and 17.0411 MVAr,
respectively.

2) Test Network I
The technical results of implementing the proposed SFO are
tabulated in Table II. Initially (before the reconfiguration), the
original topology includes five tie switches (switches 33 –37).
Each tie switch comprise a loop vector as tabulates in Table II.
only one switch must be opened in each loop. Besides, the
radiality constraint of the network is checked using (23) before
running the load flow program. If the network topology is not
radial, no need for load flow step. By applying the BFS, the
active power loss is 202.67 kW in the base case.
TABLE II
Technical Results of Applying SFO Algorithm

Test
Network
I

Test
Network
II

Ploss
(kW)

PLR
%

The base
case

33, 34, 35,
36, 37

202.67

-

The
proposed
SFO

9, 7, 14,
32, 37

139.53

31

0.937,
# 32

69, 70, 71,
72, 73

224.96

-

0.917,
# 65

14, 55, 61,
69, 70

98.59

56

0.949,
# 61

1294.3

-

0.866,
#116

865.32

33

0.932,
#111

The base
case
The
proposed
SFO

The base
case
Test
Network
III

Fig. 6. IEEE 119-bus test network.

B. Test Results
1) Loop Vectors
By locking all tie/open switches, the primary loops in each
system can be identified. The fundamental loops number and
the number of tie/open switches included in the system are
identical. Some switches belong to the same two fundamental
loops, so it must be deleted from one of them. Based on the
system topology, Table I tabulates the principal loops of the
first two test networks.

Vmin
(P.U.),
# bus
0.913,
# 18

Open
Switches

The
proposed
SFO

119, 120,
121, 122,
123, 124,
125, 126,
127, 128,
129, 130,
131, 132,
133
23, 27, 33,
40, 43, 49,
52, 62,
72, 74, 77,
83, 110,
126, 131

TABLE I
NETWORK LOOPS OF NETWORKS I AND II
Loop

NETWORK I

Network II

L1

8, 9, 10, 11, 21, 33, 35

11, 12, 13, 14, 43, 44, 45, 71

2, 3, 4, 5, 6, 7, 18, 19, 20

4, 5, 6, 7, 8, 46, 47, 48, 49,
52, 53, 54, 55, 56, 57, 58

L2
L3

12, 13, 14, 34

3, 9, 10, 35, 36, 37, 38, 39,
40, 41, 42, 69

L4

15, 16, 17, 29, 30, 31, 36,
32

21, 22, 23, 24, 25, 26, 59, 60,
61, 62, 63, 64, 73

L5

22, 23, 24, 25, 26, 27, 28,
37

15, 16, 17, 18, 19, 20, 70

Fig. 7. Comparison between the active power loss before and after
reconfiguration of the two test networks.

In comparison, after applying the SFO algorithm to
determine the test network's optimal topology, the active
power loss is decreased to 139.53 kW as depicted in Fig. 7.
The optimum solution is achieved by opening the switches 9,
7, 14, 32, and 37 that caused a maximum real power loss
decrease percentage reaches 31.15%. Fig. 8 shows the IEEE
33-bus test network topology after reconfiguration. Besides,
Fig. 9 shows the voltage profile before and after network
reconfiguration. It is clear that the results obtained after
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reconfiguration are better than those of the base case. The
minimum voltage bus is substantially boosted to 0.938 P.U. at
node # 32.
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74, 77, 83, 110, 126, 131. Fig. 12 show the single line diagram
of IEEE 119-bus test network after reconfiguration. The active
power loss is reduced to 865.32 kW, which means that power
losses are reduced by 429.58 kW. The objective function,
percentage reduction of real power loss, is maximized to 33%.

Fig. 8. IEEE 33-bus test network after reconfiguration.

Fig. 11. Voltage profile of 69-bus distribution network.

Fig. 9. Voltage profile of 33-bus distribution network.

3) Test Network II
Similarly, the technical results of implementing the
suggested SFO on the second test network are listed in Table
II. In the original case, before the reconfiguration, the test
system has five loops or tie switches (switches 69–73) with a
real power loss of 224.96 kW. While after applying the SFO
algorithm, the real power loss is declined to 98.59 kW as
shown in Fig. 7. The objective function is maximized by
opening three sectionalizing switches; 14, 55, 61 and closing
three tie switches; 71, 72 and 73. The percentage of real power
loss decrease is maximized to 56.17%. Fig. 10 shows the IEEE
69-bus test network topology after reconfiguration. Further,
Fig. 11 shows the voltage profile enhancement wherein the
minimum voltage node is increased from 0.917 P.U. at bus 65
to 0.949 P.U. at node 61.

Fig. 12. IEEE 119-bus test network after reconfiguration.

Fig. 10. IEEE 69-bus test network after reconfiguration.

4) Test Network III
Table II presents the results of applying the proposed SFO
on the third test network. Initially, the test network includes 15
tie switches (switches 119-133). The initial real power loss is
1294.9 kW. While after network reconﬁguration using SFO,
the ﬁnal open switches are 23, 27, 33, 40, 43, 49, 52, 62, 72,

Fig. 13 shows the voltage proﬁle improvement achieved by
the proposed network reconﬁguration algorithm. As shown,
most of the bus voltages have been improved after network
reconﬁguration. The test results show that before
reconﬁguration, the minimum bus voltage was 0.866 P.U. at
bus #116 and after reconﬁguration, it is significantly enhanced
to 0.932 P.U. at bus #111.
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TABLE III
RESULTS OF COMPARING SFO WITH OTHER OPTIMIZATION
METHODS FOR IEEE 33-BUS TEST SYSTEM
Optimization
Method
Base Case

Fig. 13. Voltage profile of 119-bus distribution network.

C. Comparison with other optimization methods
Tables III, IV and V present a comparison of the optimal
topologies obtained for the test networks employing the
suggested SFO algorithm with other techniques available in
the literature. Figs. 14 and 15 show that the optimal solution's
real power loss is either the same or better than those of other
techniques. Besides, the comparison results of the IEEE 119bus system ensure the priority of the proposed SFO than the
other methods. This confirms the capability and effectiveness
of the proposed SFO algorithm for different scale distribution
networks.

Heuristic Method
(HM) [33]
Genetic Algorithm
(GA) [14]
Refined Genetic
Algorithm (RGA)
[13]
Evolutionary
Algorithm (EA) [34]
Plant Growth
Simulation (PGS)
[17]
The proposed SFO

Open Switches
33, 34, 35, 36, 37

Ploss
(kW)
202.67

7, 10, 14, 33, 37

141.5

9, 28, 33, 34, 36

140.6

7, 9, 14, 32, 37

139.5

7, 9, 14, 32, 37

139.5

7, 9, 14, 32, 37

139.5

7, 9, 14, 32, 37

139.5

TABLE IV
RESULTS OF COMPARING SFO WITH OTHER OPTIMIZATION
METHODS FOR IEEE 69-BUS TEST SYSTEM
Optimization
Method
Base Case
Adaptive Genetic
Algorithm (AGA)
[30]
Heuristic Method
(HM) [31]
Decentralized
approach (DA) [32]
The proposed SFO

Open Switches
69, 70, 71, 72, 73

Ploss
(kW)
224.96

15, 58, 62, 70, 71

99.6

14, 56, 63, 69, 70

99.59

14, 58, 61, 69, 70

98.59

14, 55, 61, 69, 70

98.59

TABLE V
RESULTS OF COMPARING SFO WITH OTHER OPTIMIZATION
METHODS FOR IEEE 119-BUS TEST SYSTEM
Optimization
Method
Base Case
Fig. 14. Comparison with other optimization methods based on the
objective function for IEEE 33-bus test system.
Particle swarm
optimization [35]

Modified Tabu
Search algorithm
[22]
Minimum spanning
tree algorithm [36]

The proposed SFO

Fig. 15. Comparison with other optimization methods based on the
objective function for IEEE 69-bus test system.

Open Switches
119, 120, 121,
122, 123, 124,
125, 126, 127,
128, 129, 130,
131, 132, 133
9, 23, 35, 43, 52,
60, 71, 74, 82, 96,
99, 110, 120, 122,
131
23, 27, 33, 40, 43,
49, 52, 62, 72, 74,
77, 83, 110, 126,
131
23, 26, 34, 39, 42,
52, 58, 70,
73, 75, 95, 109,
122, 129, 130
23, 27, 33, 40, 43,
49, 52, 62,
72, 74, 77, 83,
110, 126, 131

Ploss
(kW)
1294.3

898.6

884.9

883.5

865.32
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V. CONCLUSIONS
In this paper, The SFO algorithm has been successfully
applied for distribution network reconfiguration problem. The
main objective is formulated to achieve the maximum real
power loss decrease. The effectiveness of proposed method is
demonstrated on IEEE 33, 69 and 119-bus networks. To
obtain the load flow solution, an efficient approach is applied
called Backward/forward sweep. The base case real power
losses are 202.67 kW, 224.96 and 1294.3 kW for the IEEE 33,
69 and 119-bus networks, respectively. Besides, an improved
graph theory is developed to address the configuration
variations problem. The proposed SFO method is
characterized by effectiveness and simplicity. The obtained
results via MATLAB program revealed that the SFO
algorithm could achieve the maximum percentage of active
loss decrease. The power losses are reduced to 139.53 kW,
98.59 kW, and 865.32 kW, for the three test networks,
respectively. The proposed SFO did not only increase the
losses reduction, but also improved the voltage profile of the
test networks. The simulated results on the medium and largescale systems like 69-node and 119-node distribution systems
have shown that the applicability of SFO is more noticeable.
Thus, the proposed method can be applied to any large-scale
practical radial distribution networks.
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Title Arabic:

هيكلة مثالية لشبكات توزيع القدرة باستخدام محسن دوار الشمس
لتقليل المفاقيد
Abstract Arabic:
َمذو هذا انبذج طزَمت هُكهت يخبنُت نشبكبث تىسَع انمذرة يعتًذا عهٍ تمُُت
ٍ دُج تكًٍ انًشكهت انزئُسُت ف.تذسٍُ جذَذة تسًً يذسٍ دوار انشًس
ٍانعخىر عهً انتشكُم األيخم نهشبكت انذٌ َذمك ألصً َسبت يئىَت َبتجت ع
 ونتذهُم.تمهُم يفبلُذ انطبلت انذمُمُت يع األخذ فٍ االعتببر لُىد تشغُم انُظبو
،ٍاأليبي/ٍ تى استخذاو تمُُت انًسخ انخهف،تذفك انطبلت فٍ َظى انتىسَع انخطُت
ببإلضبفت إنً أَه تى التزاح َظزَت جذَذة يعتًذة عهً شكم انُظبو نهتعبيم يع
 َتى تطبُك.يشكهت انتغُز انًستًز نتكىٍَ انُظبو بتعذد انذهىل انًًكُت
، َمطت33 ٍخىارسيُت انتذسٍُ انًمتزدت عهً حالث َظى تىسَع خطُت يكىَت ي
، تى استخذاو بزَبيج انًبتالة فٍ انذصىل عهً انُتبئج. َمطت116 ، َمطت96
ًوانتٍ أظهزث أٌ انخىارسيُت انًمتزدت فعبنت ونذَهب انمذرة عهً تذمُك ألص
 ونهتذمك يٍ كفبءة انطزَمت انًمذيت أَضب تى.َسبت يئىَت نتمهُم يفبلُذ انطبلت
.يمبرَت َتبئجهب يع َتبئج طزق انتذسٍُ األخزي

